The aim of this work was to discover the extent of interference by phosphoeno/pyruvate (PEP) phosphatase in spectrophotometric assays of PEP carboxylase (EC 4.1.1.31) in crude extracts of plant organs. The presence of PEP phosphatase and lactate dehydrogenase (EC 1.1.1.27) in extracts leads to PEP-dependent NADH oxidation that is independent of PEP carboxylase activity, and hence to overestimation of PEP carboxylase activity. In extracts of three organs of pea (Pisum sativum L.: leaves, developing embryos, and Rhizobium nodules), two organs of wheat (Triticum aestivum L.: developing grain and endosperm), and leaves of Moricandia arvensis (L.) D.C., lactate dehydrogenase activity was at most only 16% of that of PEP carboxylase at the pH optimum for PEP carboxylase activity. Endogenous PEP phosphatase and lactate dehydrogenase are thus unlikely to interfere seriously with the assay for PEP carboxylase at its optimum pH. Addition of lactate dehydrogenase to PEP carboxylase assaysa proposed means of correcting for nonenzymic decarboxylation of oxaloacetate to pyruvate-resulted in increases in PEP-dependent NADH oxidation from zero (Rhizobium nodules) to 131% (wheat grains). There was no obvious relationship between the magnitude of this increase and conditions in the assay that might promote oxaloacetate decarboxylation. However, the magnitude of the increase was highly positively correlated with the activity of PEP phosphatase in the extract. Addition of lactate dehydrogenase to PEP carboxylase assays can thus result in very large overestimations of PEP carboxylase activity, and should only be used as a means of correction for oxaloacetate decarboxylation for extracts with negligible PEP phosphatase activity.
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The aim of this work was to investigate the general applicability of a recent proposed improvement to the assay for PEP2 carboxylase (EC 4.1.1.31). In the conventional, spectrophotometric assay for this enzyme, oxaloacetate produced by the carboxylation of PEP is reduced to malate via malate dehydrogenase, with the oxidation of NADH (Fig. 1) proposed that the underestimation ofPEP carboxylase activity can be corrected by the addition of lactate dehydrogenase to the assay. Any pyruvate produced will then be reduced to lactate with oxidation of NADH (Fig. 1) . Meyer et al. (5) showed that in the presence of added lactate dehydrogenase the rate of NADH oxidation equalled the rate of PEP consumption in assays ofpurified PEP carboxylase. In the absence of lactate dehydrogenase, the rate of PEP consumption exceeded the rate of NADH oxidation by up to 20%.
We were concerned that addition of lactate dehydrogenase to spectrophotometric assays for PEP carboxylase in crude extracts could exacerbate an existing problem of overestimation of PEP carboxylase activity. Conversion of PEP to lactate via a PEP phosphatase and lactate dehydrogenase in crude extracts gives rise to NADH oxidation that is not dependent upon the conversion of PEP to oxaloacetate (Fig. 1) . The rate of NADH oxidation is thus greater than the rate of PEP carboxylation. Estimation of the magnitude of this problem is essential in order to make reliable measurements of the maximum catalytic activity of PEP carboxylase in a plant tissue (1) . Addition Addition ofmalate dehydrogenase (2 units) and bicarbonate (2 mM) did not affect the rate in assays of any of the extracts, and these were omitted.
For each organ, PEP phosphatase was assayed as for PEP carboxylase, except that MgCl2 was omitted and the assay contained 6 units lactate dehydrogenase.
For each organ, lactate dehydrogenase (EC 1.1.1.27) was assayed at the same pH as PEP carboxylase. The assay contained 0.18 mM NADH, 3 mM pyruvate, and 50 ,L extract.
RESULTS AND DISCUSSION Activity of PEP carboxylase is notoriously unstable during extraction and assay (3, 6, 9) . We have taken the following precautions to ensure that our results were not affected by this. First, extraction conditions were adjusted so that there was no significant decline in activity of PEP carboxylase in the extract during the period over which measurements were made. Second, the activity of PEP carboxylase in an extract of a mixture of pea embryos and one of the other organs studied was compared with the activity predicted from separate extractions of replicate samples of the two organs. The In the organs we studied, endogenous activities of PEP phosphatase and lactate dehydrogenase were insufficient to cause serious overestimation of the activity of PEP carboxylase at its optimum pH. Overestimation of PEP carboxylase activity due to endogenous PEP phosphatase cannot be greater than the endogenous activity of lactate dehydrogenase in the extract. In extracts of all of the organs, lactate dehydrogenase activity was 6 to 16% of that of PEP carboxylase (Table I) . Since lactate dehydrogenase was assayed at saturating pyruvate concentrations, which are unlikely to occur in PEP carboxylase assays, overestimation of PEP carboxylase activity is likely to be considerably less than 16% in extracts of all of the organs.
Previous measurements of the bicarbonate-dependence of PEP carboxylase activity at its optimum pH in crude extracts of a range of other plant organs have similarly indicated that overestimation due to endogenous PEP phosphatase and lactate dehydrogenase is small. For example, PEP-dependent NADH oxidation was at least 80% dependent upon added bicarbonate in extracts of the spadix of Arum maculatum (1), the roots of Pisum sativum and three species of marsh plants (7, 8) , leaf sheaths and roots of the C4 grass Spartina anglica, and leaves of nine species of Spartina (9) . Thus, the activities of PEP phosphatase and lactate dehydrogenase in crude ex- tracts of a wide range of plant tissues are not sufficient to cause serious overestimation of the activity of PEP carboxylase at its optimum pH.
Endogenous PEP phosphatase and lactate dehydrogenase may present a more serious problem if PEP carboxylase is assayed at suboptimal pH. Lactate dehydrogenase from plant tissues generally has a pH optimum of around 7 (4), hence its activity is much greater in relation to that of PEP carboxylase at this pH than at the optimum pH for PEP carboxylase activity. This was also true of the organs we studied (data not shown). PEP phosphatase activity in plant tissues is probably due to nonspecific phosphatases (2) . In extracts of all of the organs we studied, the pH optimum for this activity was pH 6 or lower (Fig. 2) . Activity dropped dramatically between pH 6 and pH 7, but was still several times greater at pH 7 than at pH 8. Thus, at pH 7 activity of PEP carboxylase in crude extracts is much more likely to be overestimated than it is at pH 8.
The percentage increase in the rate of PEP-dependent NADH oxidation caused by addition of rate-saturating amounts of exogenous lactate dehydrogenase ranged from zero to 131 % (Table I ). There was no obvious correlation between this percentage increase and conditions in the assay that might promote the nonenzymic decarboxylation of oxaloacetate. Meyer et al. (5) reported that an increase in free Mg2" concentration from 5 to 10 mm in assays of purified PEP carboxylase at pH 7.0 resulted in an increase in the stimulation caused by addition of exogenous lactate dehydrogenase from 20 to 50%. However, we observed no stimulation of PEP-dependent NADH oxidation by exogenous lactate dehydrogenase in assays of extracts of pea root nodules at 10 mM Mg2+, whereas we observed 131 % stimulation in assays of wheat grains at 1 mM MgCl2. The reason for the lack of stimulation in assays of extracts of nodules may be that the endogenous lactate dehydrogenase activity is sufficient to remove pyruvate produced by nonenzymic decarboxylation of oxaloacetate. It seems very unlikely that the large stimulations caused by exogenous lactate dehydrogenase in assays of extracts of wheat grains, wheat endosperm and Moricandia leaves are due to removal of pyruvate produced by nonenzymic decarboxylation of oxaloacetate.
There was an excellent correlation between the degree of stimulation of PEP-dependent NADH oxidation by addition of exogenous lactate dehydrogenase, and the activity of PEP phosphatase in the extract. When the stimulation due to exogenous lactate dehydrogenase is plotted against the sum of PEP carboxylase and PEP phosphatase activities expressed as a multiple of the PEP carboxylase activity, the points for individual extracts of all of the organs studied fall along the same straight line (Fig. 3) . The correlation coefficient of these two variables is 0.988. Thus, the stimulation of PEP-dependent NADH oxidation by addition of exogenous lactate dehydrogenase in crude extracts can be accounted for almost entirely by the activity of PEP phosphatase in these extracts. PEP phosphatase activity varies enormously, not only from one organ to another and with pH but also during the development of one organ. The wheat endosperms in our experiments were taken from grains 9 to 14 d after anthesis. PEP carboxylase activity did not change over this period of development, but PEP phosphatase activity increased more than three-fold. Thus, the percentage increase in the rate of PEPdependent NADH oxidation caused by addition ofexogenous lactate dehydrogenase rose from 55% in 9-d endosperms to 200% in 14-d endosperms.
We suggest that addition of lactate dehydrogenase to assays of PEP carboxylase in crude or partially purified extracts of plant organs that contain PEP phosphatase is likely to lead to considerable overestimates of PEP carboxylase activity. This means of correction for nonenzymic decarboxylation of oxaloacetate in PEP carboxylase assays should only be used where extracts are known to contain activities of PEP phosphatase that are negligible relative to those of PEP carboxylase.
